TW 219906 ABSTRACT 



^ii^mm^ i^m^;&4^: laser machining apparatus and method 

A method and apparatus for detecting the machining 
status of a laser beam machining device, having a multi- 
mirror resonator for generating a machining beam, .^hich 
utilizes the secondary light generated by the machining 
operation and returned from the workpiece surface into the 
resonator for control of the machining operation. The 
oscillator and accompanying components, such as beam 
dividing mirrors and splitters, are operative to separate 
the secondary light from the laser beam v^ithin the 
resonator and direct the t^^o beams separately to detectors 
located outside of the resonator." Alternatively, the 
secondary light and laser beam may be directed to the 
outside together where they are separated by an integrating 
sphere for detection. 
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LASER MACHINING APPARATUS AND METHOD ) 
A method and apparatus for detecting the machining 
status of a laser beam machining device, having a multi- 
mirror resonator for generating a machining beam, which 
utilises the secondary light generated by the machining 
operation and returned from the vorkpiece surface into the 
resonator for control of the machining operation. The 
oscillator and accompanying components, such as beam 
dividing mirrors and splitters, are operative to separate 
the secondary light from the laser beam within the 
resonator and direct the two beams separately to detectors ' 
located outside of the resonator/ Alternatively, the 
secondary light and laser beam may be directed to the 
outside together where they are separated by an Integrating 
sphere for detection. 
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mijaxmii^mm.m, n ^ , ®j^i7a. i7b. m isi^ m m 
m :^ , ffi^i8^5^^s. niEm±i&:^i^mmmiA-'m 

^tFfjm^mi^m:^^m. m m ± m ta :t m ^ ^ ^ n m 

^mmmm, m m m u Hzcdie;^ ^ n $$ m m s . n ^ m Jik 

m m - ^ m m m 1^ m m I m m ^ m B o ± ^ b m m m 
m m m 'm ^ :t Q, ^^mm^^mum^miQ, % ^ 
^n^m^M:^m^m^. ^ s. ^ ^ mi ± ^ m m sim ~ 

± i& n m m m] ^ m m ^ . ms±t$^^^^ 

m m m iq:^ m m n m - m m m . m ^ , m m ^ m m m 
l;^s®:g1'.6.'^SBJM^;$:^i^rt^ m m m ^ !^ m m 
i9;^^Sf^. i^^^^^^iftm^tmm^. m m m m m 
m ^ m iQ . mmmmm:tm^m. m ± m ^ i& :^ m m , m 
^ ^ ^ mi m mi M m m :^ ^ . ±m:zy6mm^i, o] ^ 
-mMsimtf6=.mm:tm-^m^^m, m ^ - m u n ^ 
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m :^ n m . m^^s.mmmmiii±^mm!^m^mmmm 
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w Hif m .-^ 
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S16. m ^ ^ ^ m m ^ iwi m m o ±m:^m-^mmm^m 
16. ^iikm^m^m:^^m, ^:f.^mm±^^wi^;tmm 
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1^^ 7i ^ n m n m yt ^ 8:^ m m ^ :fz , ± i& :^ ^ m yt m 
B, ^ m ^ n m m isi m m m m 13m ^ w m m m m , 
m^i&^m ±mmyt^2i:^3Rm . J^:^R^w-gB^»p^sii 
^ m m 14. m ^ m m m m m ^ 19m m m o jtt fa ig 
^ m ± i& :^ m m m m iik m m , }ik ^ m ^ m m m :t m m 
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^-Pi?ij5:ccDatim^^go ± m :^ m - m s , m m m m 
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^ ^ m m ^ m ^ik m ^ m m ^ :^ m m y& 1^ m ^ , 
mm^i^m ^sytmmm. -e ^ m {g so ± ji g 3^ ^ 9 ^ 

^ ^ m m m r& m i^m B n ± m ^ m m M :^ m ^ ^ 
9 • o ± . ^mn^mm±i^:tm^^MmaiMm 

. wfSMis^^i-f^^aj, m m R m m ± m m wi 
^^mmmmmmmmm:^nit^mo ± ^ :t ^ ^ m ^ i . 
^^-'musim^=imm:^m-'^m<\!imm. m m - m m 
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. rfn ± 3f «s ^ g M . m T m m m 'M m\ ± m ^ wi :^ m m 
5^ ^ ± fi^ M <b ^^ . ^ S6 59 s ^ to m ifi ;s If ^ ^ 0 I' . M 
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^. m m m >^ m M m m m ■. ^ m m ^ :^ "s-^ ^ 

W «g ffll 9- 

^ IBM ^ ^ m ^ ^ m m n ^ m m m m m ^ :t m M 
mummmmm, m ^ 35^ m m ^ , 

mmMznSeimitm):^^^mM^m, t ^ ^ m loo?^ 
m. ^ ^ M ^ ^ . M{^^ffc3feiS5tii, ^^mi^^m^Ms 
m'A^it.ytm9^m. m m m m m m ^ m m szi^q &i} m , 
^ 1^ m ^ m m 33:^ pq m m m m m m m m m o ^ m n m 

^^ii33i*F, ± m :^ n ^ M 8^ m m ^ m m 33Pq , mm 
sMM^Mfe, n it ^ ^ 9m m m m m m m 33 , m b.^ 
^ ^ m ^ m m m m ^ iQfn ^ yt ^ 35 . ftn m m ^\ m ± 
:t ^ m m m o ±ii;^^Jiailsgi. ^^-^mmsi^^n 

-wn:t zcm ^m^s o ±^:zm-' . m m m m 
± ^ m m m :^ m m ^ m ^ ^ , ffn±^;^Mf^^a. ^7 
^ ^ <^ m m ± i& wi u& :^ m Si ^ ^ ± ^ m <t n , t g in g 

^ ) ± m m it o ffijfi. ms^mm^mm33±mv^^m 
m m I, ^ m ^ m M m m m m m\ m 19 . ^ m ± m :^ 
m m yt^ . m m 3^ k ± ^ m m :t m m , m m it m m m 
m ^ 1, ^ m ± i& Hi ^ m w m m :^ y6 ^ , 
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^ iim ^ m ^ ^ ^ m m + ^ m m m m m m :t w m 
m i: m ^ m m m. , m ^ , m ^ sr^ m y?^ m a m m m - 

nk m m m m m m n m :t :dj m o mik^m$M^m^mm 
33a m ^ m m , ^^^$ha:^t$mmm, ±. 3& ^ m w m 
M m ^ . mmmmm^simmmif^, ^.^^n^is^mm 
14. s& ^ ^ m 3\ m m m i& it m 33:^ ^ ^ ^ m m yt m ^ 
. ^ m ^ m ^ m ^ , wi M at m m ^ '^ii m . & m m ± ^ 

it-^?immmm±f&mmi&:^m^. mm, m &^ m m m 
1 0 m p/f ^ « a ^ ^ s 3 5 . iik & ^ m m ^ ^ m ^ 19, ^ m 

^ m m m ^ m . ± m z yt i^m ^ i. ^ n - m u zim ~ 

m f& - m ;^ ccj)^ m m m M o ii^an-ns. m m 

m m ± m wi M :t m M ^ m ± ^ m , m ± a m ^ ^ g 

. ^ T ^ M iBij m ± m W fe'iJ m :Z H ^1 lii ^ ± ^ m <t n . m 

m ^ m ( ) 6^1 ^ fb o 

'm m M ] ^ 

12m ^ m {t^ ^ m m -i- ^ ^ m m m Fn m m 
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1m JO m . n ^ , m m 1 0 fp pjf :^ m m S7 . ^ m m. it ^ m 

37. ^PA^WL^mn^mm^, m m m m m m %i m m u pi . 

i'4j^fcfii}3te?^'^. m m ^ m:/t m 9^ m n it ^ m ^ . n m 
m ^ ^ m . m ^ ^ m ^\ m'± m :^ ^ m m m ip^ . raj.. 

^ ^ 1 

ijjaxaatjwisiai. ^ m ^ 22^ m ^ m m m , n m 

m - m ^ m % m . m m - m wi m m 3, i^ik r ^ m m m 
m m w wi m m . m s. m m m m m w\ m m ^ m ^ m 
^ m w wi u m o 26^ m tts - m m m , 'B m ^ m 
:i: n m m m m m :t m m , s^R^mm^^m^o 2z% m 

^ 5J m 1^ ilj ± I ff: W :^ P » . ^ 2 4 ^ - ^ S.J ^ 

m't! . ^m. m^. mmm^m, is ^ 10^ « ^ nc^ g , 

n 23. %u ^ W) m m 26, 3ikRM^mmmi^^^mM^±i^ 
^ ^ M m 1^ m m m 24^Q ± m §i m M m 12m , m m ^ 
27m ^mm^^immmmmm^. 'Bmmm±3^^m^m 
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m m 19:^ m m m ^ , m ^ ^ m ^ z w m , ^ ^5 ± at 
^ m m m , m ^ m m m m m . m fi^ m ~ ^ ^ ^ ncm m 

10:2. m m m m ^ ^ ii K m . m ^ 25 ^ ^ m m ^ m m 
iu ^ m m m m , '&^ikmmmmim\i^m:^^~:&m. 

m:^miii^i^m^^^^^±mm^o st b tm m , mm 
m^mm^i^m-mw, ± m :^ ^ it . .aj ^ ^ ^ ^ 
m 3\ m \M m ^ m m M ^ 12m m ^ o s;^. m m ^ ^ 

m Eh ^ Hi if£ m ^ ^ m ± Wi % m ^ ) ± rj m it o ± ^ :$L m 

m 25 . iiL m a 'a 'i^ m :^ m m m \:b m m ^ . u m 
m$^m^-is^&i^±m:ZHc^s\Oo m '4^ 28^ ^- - m ^ 
m ^ m . -^^^^^m^^tkmrnmi^m^m. m m m m 

^ )f? g¥ SB IS ffj ^ a :^ ^ . JE m :c w VIS: ^ m m ^ 
22:^ m m m ^ - 7k ^ :^ \^ ± m :^ m . x v-^ ^ m ± 

m ^ m ^ o m m m m m m 3± r ^ wi m . m ^ m 'X m m 
^m±^:tf^mMhmo m m w m m m :^ }.x m ^ ^ m j: 
;^ « ® ± B$ . m ^ m ^ m m ^ m m ^ rt im ^ ik. ) m 

m lAM ^ i>x - m m m , n ts, m i-i %h m a x m ^ 
m ^± m m \ ^ n , mmE.^m^%^mmm.mm%itm 
mmm 2->mmm'4k , m & m :^ % m m m mi m ^ m m m 
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AG 

B6 

i * ^mtt^H ( 21) 

ffl (i o ^PMmm:^mm^m. ^ n t m Wi m ^ m ^ 
^ f* ^ ( rs jt ) isi ± ;^ s li ifg gfe ^ „ A ^ m m li^ m 
- m ^ m . mi^m^mmmmm^:tmi^^^m<t, m 
m m m m 6^ m.miH ^o mwi^mm^i^ - m m ^ m , m 
mm^mn^m^m:^^m. mm. ^ tm^^^m^:^ 
s^^^fAffow, mmmmmmiUB. u ?: ^ ± ^ m m ^ 
^^mm±:^^jtMm^(^m)^^m'-^ .mm, m m m t& 
m m n Hi a . b . m :^ m m ^ ^ m wi ^ m :^ 
m M m m m m , k ® m m ts a . ^ :h m n ± m m wi m 
m :t m m ^ m m m m ^ ^ \^ m o 3 . m hs b . fo 
- XL m m ^ m m is ^ m m n m m It M~ , m ^ m 
^ m iM ^ m n ^ 25:^ ^ii ta ^ m :k ^ m ^ m m 

ium ^ $K i^ikmmiic^s . ^ ^ i m zzPi :^ in m m 
^Mmm-^i^m^m^, m st , m m i: m m m m ^ m m 
^ ^ M ?^ ^ ^ . m m m :t itL . m m m ^ m wi 
'a ± ^ :L m m n o m ± i£ :^ ^ ^ c^, ■ m m :^ m ^ 
. m m m m m m m . it ^ u m 'a m m :^ » 

^ 1 5 a ti fp m 1 5 b m ^ - |g M ^ K , JE ^ m ^ XB wi 

m 1^ m m 71 :^ w m Wiif , ^ ± u S::^^mm ^ 

iwi m m . m ^ m ± m ^ m m m m m im h ^ m n ^ 25^ 

^ «f ^ 51? fitF o ^ ~ m m n 29m ; ,/.-] . ^ ^ ^ 

^ m , fi^f m ia) m . M m ^ m m m m , ^se 

m m ^ m n m . m n m (b) m , {^i * b ^ ?i ^^ ^ 
^ m m -y ^c. i^Ji „ 

*«,»/?.«ia« tiaei-iiEissit (cns) v 4 {210 x 297 1:3^ ) ^ " — z — — ;: — 
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jL - ^mn. -^')^ ( 2 2) 

m iQM isk sik - ^ m ^ m , m 
:^ ^ \Bi , r'^ m ^ m m m I m m m . 

m m m It m m ^ 25 m m :^ . 

m ^ ^ m ih m o ^ m m t/t ^ m %s 

J:. \^ i. ^ ta m m - m m o ^ 

:t ^ m v; >fi ^ , ± m :^ m ta & m ^ 

m m ± . * ± 111 tb ^ s 
:^ m h^i': ^ m , m ± ^ :^ i^L m ■ 

5i as ± iif ?L :^ ^ ^ o m it . m ^ . 

7t ?5i IK ■■■} mi ^ m m ^ ^ 1^ m 

^ ml iVi ..ii m ii^ m m m ^ 25^ Fft m 
# ^ <i iv; .-. lb ^ m , - B ± ^ 5: j 

^ A . V: iPJJ S <g ffil S€ ^ s Hi ; 

^ !^ rf^-f :•- 3i£ :^ NCS g o it ^f- . ti! = 

m 3^ m \}'' - m m , m n i'ji 

m ^ ^ ^ y r c m n w ^ '^a m m ¥^ ' 
m ^ n m m u=j r^i o m r , ^la n ± 
0 n m I?;; . ^ m ^ m . ^ ± m : 

± 3S* :^ ?^ ; 1^ HE 31 W 5il . m & 

^ so ^ 1 :r m m :t y6 m ^ m it 

m ] 7 hi 1^ ^ Ji yt _. 

<i m <a i^i^ ?s {i (I , m m ± 5^ : 
. - 1^ ■■: wi nm m ^ ^ m ^ ± 

;^ 3fe U^: : fi^ 7t M g«I i? M ?!!!| Sj/M/v : 



5J SO ; 

^ ^ i ; 

^ ffc 

1 % r[ 

^ 

^ B f: 
i§ K 

m ■ 

1 tb r- 
:'. m 

.^5 2 5. 

! : 

^/ K 

?L B- 

.1 I 'i 
, I i 

J Wl ; 



?SE ^ ?L «8 m ± 

± 3^ :^ ^ m mi m 
:^ ^6 m m u m m 

- ^ m ^ m m 
^ ?i ^ . ai^ 

Wi ^ 31 :^ m m ^ 
n ^ - m 9c ^ 

a sg ^ « ti in 

m S$ ^ to SiJ Si ;^ 

. m ^ ± f& :t ^ 

m , m ± ^ :^ 

m fu^ s$ # ^ fii 

fi! ^ t±} ^ ?L ^ 

^ a 1 0 s$ «te fO ^ 

. r?n ;f: M 
Pb3 |g {b . 

^M^* iS g . it 

it ^ m a . 

m fb M ^ ^ 5fc 



*-«,fft/'>>aiaffl taiiS iCi: (ONS) "P 4 (210 X Y.97 ^.-^J } 



I m o IS ^ ao g 
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5g o $D ^ 3f ± 

-Mil ( . n . |iJ ± at ;^ # 
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5iss&±i^;iHc^sio. m ncm w lott m ^ mi ± m :^ m ^ m 



m Ik ± ^ w n ^ n j& mm ^ mm wl ^ m o m r . m m 

a^-ff^{2itic m . m ^ n ^ ± m :^ m ^ m t& m ^ w 

» iH M M ^ Mctg g 101^ . mwimm^nmw^±. Mmii 
m m m m m m m ^ s 2& , ^m^^mm&^-Mcm^^^ 

^ m m , mmwms&:^mki^mmw + ^mm, ^ist ^ $/ 
N bt m it ^ m m Bii m , mm. bbm±^mm^:t^s. n 
^ 'X-m :^ ^ ^ . ^ . in m-m m ± u , mm 

mm. i& ^ :k m ± , iti^m^mm^mmno 

m ism ^ Kk m m ^ m m - m m , u m m m m m m m 
m ^ wi Mh :^ m . M:^^±m.mm^M:^^mwi^i m 
m . & ^ m m :^ m mm , %mu^±m:^^mmumm 
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i ^ ^m-^^n ( 24) 






. i^L m m ^ m m m 0 ^ w wi m 








|g 19SI ^ JPJl 15 «!i 315 ^ 55 . 


n ^ m u ^ 


H It ?L . m m ^ 


m m m . mm. m \^ m ^ m ^ 


w m m m m ±m , 














^mm:k.mm^$t. ib m ^ 


^ m , m ^ ^ m m mm 


, m ^ m m 


^ M a? fi M ^ a 




it , m ^ ^ ^ m m m m m \^ 


^ m mm m ii , mm :^ 


^ ^ ^ m Dm Em 'a \b m , m 


m ^ ^ m m ^ ^ ^ m i>n :^ 


m i^y m 


n m it^mm 




^ o 50 ^ ^ 


n sP. ^ m m ± 


^ NCM filO. J^f^Milflljgii 


Wi m m m ^ 


ms 2s, m ^ m 




m m m , m 


m wi m m ^ 




m m :^ m ^ 




«j . m m ii . m ji m m 


. m wi ^ m 


ii m . ^ a . 


m ^ . m ^ ^ m . m m m m . 


m m m . 


m m m m ^ m m 




m s IE m 


m . dk m ± 


mwwiii^mo m Kk . m ^ ^ 


m it m tk m 


m ^ :^ ^ u , m 


±i£MM;2:f^<*, mm. 3fe^ 


mm. mm 


iit s m ^ X fF 


mm. w wi ^ m :t m tj s m. 


. m ^ . m 


n& ^ Mi . m m m 


m . mm n m . m m m m m 


^ m u m B 


, * $fe fiS 1^ 55 ± . 


j^i^Hcssioi*}. ^ m ^ ± 








^ H ± ;S 


i@ is 9 ii . ^ m. 
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i > ^mttm ( 25) 
^ m iii m ± f& m m :^ tk.m o 

^ 20m ^^w]^^j^m&Lm^m:^^mmc m 
m m I ^ m m m s . ^j.^nmiiim^^m±^:t^mmm 
m w\ m 3^ ^ m ^ m 2s m m m ^ m m m , m w m m :^ m m ^ 
m ^ m m m <t , w m $^ n m o m tt , ± m w wi m ^ ^ ^ 

mmm:^umwm^^mv&. ± ^ w wi if^ m ^ m m m m 

. mm. ^ <h m ^ m . i^m^mm&^yo^rmKki^m^to 

^ wi B m ± m m m ^ m Hi m m ^ :^ ^ m . 
^ m ^ m m\ m ( ^ 1 0 d , m :^ m m m m m ^ m in m 
ssgi(^iKio2)o tiaM^titmi^u^m-±rn^'{<Lmi^ 
sfj a D fD E ) ^ lE ® ft B$ . m 'ii m m ^ IE m :^ w m i mm 
mmm±^:^itLi^mm. wi ^ m ^ m ml m m ^ (0 m 
io3)„ & ±^ :^ m M. , mw:±m^miaj:m&^m± 
, ^^i^±mmm:^^m^, m m m\ m ^ m :^ mm . 
m m :^ m m . w wi ul m i. m mi s m m m m m :t ^ m . m s'l 
m ^ :^ n m it . }>Js ^ m x. it m ^ :^ ^ m % i>x % f§. 

S8 104) o 

•m m m 

■# 

X ^211I^{?^*^flJ;^^ + Hi^^SifeMmM±j^;^^ 

J m tu T. m u'i m m m . n ^ , m^^a^m^. 

5' 

I ^ ^ m. m m m AZfin ^ M ^ , :sl -ss ^ ^ % ^ i^zm ^\ 
I Jt ^ :^ ^ m m m ^ iin , m m m ^ ^ m m ^ u 12. 

S ± i£ 5: is ^ §[ ?s M . "mm m 2 , ^ © ?l 29 . m a 

taa^^fls'^ (cNs) V 4^m<2io x 297 v.^ ) 7T ~~ ^ ' — 
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( 2 


6) 




























iO 


± 








:^ to S'J 


m m 






± S 3fe H M 


40:i 


















. ^ 






1 m 


5fn S ife ^ 8M 


lOttJ 


;^ 






■n 


m 


T 








± ;^ 


m m 




29 . 






in ± 


ffl - 


% 








:^ % 






IS 


gt) M Pi 


, m 












* ± 


ii ;^ 


% 


m 




§§ 


m. 








Eg 


S m ^ 






m m 


















m 




in # 


^ 


43 . m. 


s m 




m X 




u 


:t mm ± 


- 




% 








m 




M 


























m 


22m 




m 


5^ 


± 1£ to 


Wi It 




IS ig 




° 






Hi 




It 






2 9;^ 






/Cf 44, 


pj ^ 


± 








^ m m 


. JJt 








m 




^ 




3 




HC^ S 






^ m 


ij 




22, 




g| ^ 


m 






m 






44 






<4 ?£ ^ 


to m 




m 1^ 


in 




^ 43± m 


. rfii 


it 




± 






R 








S ^ 


to m 


m 




n 


m 


43± 


;^ ^ 


\tL . 


$D 


nt 










^ 






» to f J 


^ m 


it 








^ A 


^ NC^ fi 


1 0 






m 


to 








;^ 




























± 




X 




tfg ?[J ^ @ S-j ^ 5 








m to 




m m 














i£ 


to 


§'J 


S§ @ i!l 




Mit m. 


















pj 










m Km w 9t m vj 




il 
















;k 


^ 










!i « X ;^ 


to 


f J o 


















jtb 








m 


m 


:^ ffi ft 


^ 23 












«7 e ^f- ;^ 




$1 


$1 


16 








to 














gi 


± s 




^ It 


to 






@ 








43fi^J 


^ ^ ji 






g6 










& ± 




















^ , m 




3 


id if!! 


ii 


'u 


, n 


X \f 




@ 


ffn 




;^ 




}^ 








m m 


mi 




. ± 








^\ ^ 






$S 




Ei 




1 1 








M &X — 










± 


m. It 
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(2 7) 






















m , 


iSj ffi K 


it 








. M 


}f#±3^:5LS3fcilS40. 


m s 




^ It 


m 


S X ^ 




1 




m 


R , 


?S S Bfe 


m 


124' , 




A 


± 


;^ 


^ Tfc ^ a . 


or 


n to 




m 


, m 


^ ± 




«J 




• 


m 






n :2. mm o 










S ^ M 1 4 




























^ 23ffi 








IS 




m 




- m mm ^ 




m m 


1^ 


s It 




^ &5 ffi 


a 








• 


^ t:u 




m m ^ m - 




m m 


M 1 3 




X # W 












i5j . 




R ^ m 


m 


1 - 1 0 4^ 




- M 




T 




^ ± 








s 


:^ ^ m m B 


1 


m m 


m 






ta {I m 






IS ± 










31 m m' m §g 




m m. 




25<Si[ 




m m , 






ig Si 


IS 




Q m 


?L 


291^1 ^ @ It 




m m 




It to 




4 5;;^ {5 








^ 




















^ 2411 




m. 


s ± 






- $g 


f^J 


o * ± s£ ;^ 




m ^ 






« ilJ 


± ffl 




t% 


^ i« 


1® 




29;^ 


it 


lit 4 4 . 




m m 


m 


± 


to gij 


45tS 






itb It 


It 




4 4;^ 


^ H fl . m 


- 


m 


m 


iE Afc 




m 1^ n 


It 


ft 


. m 


# 


m 


X m 




^ m -m m m 




46 






± 


:^ m m 


418 to gy I 




1 3 




li 


, m m m 


p« 


m ^ 




4 4 |5j 


^ «3 


wi m fi^ m ^ 




fi £il M 




m mm na ^ 


to 


m m 


m 




S§ 


^ %i M :^ ^ m 








JU 


^ ^ m 


m 


. m 




«U "J 




^ fitJ B# 














M 


. m m m 


m 




m 




tig ^ 


ml . ^ 






dFL 5: 


m 


m 




m 


, m ^ m 


m 


m ill 








m 15 




























^ 25^ 










* 




m 


■i- z m m n 


&f 


m m 




;^ ^ 




X etj 


ffp 








4» 


. ii: 




47«fe ^ ^ wr 


m 




m 
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i ^ ^nn-^m ( 28) 

m ^ M . m pa H^HEim. m )m m . ^ m mm ^ o ttm 

^ Bff fi^ ;^ HeHEH l-i 5fc m . W M ± i$ :^ 5J- 3fe S 4 2 S I* . mm 

X ± m m ^ m m & yt M m $ii :^ m m m m 12^ . m k m 
- ^ m ± z ^ M m ^\ ^ m . m n X ^ \f ±ffio mm 
;iHeNEmM5fem. ^ m X w v :^ ^ m ± R m . n ^ mm 
^3feJs^5iKM. m E m m m m m m i2p^ , ^ k m - ^ 
m m m m m m m ^ 1^ :t 1^ m m 1 m ^ ^ ^ 42 . m m m 
^ ^± m m m , it tn m :^ ^ m , ^ i^x n m m i-io^ :^ 
^ - m m.i5 m-^ M m.m . m ^ . iy^S3ii±i^:^ 
m m m m mm n m 2^^^ m m m . i>A'^m^m^. 
±. % m m ^\ ^ m ^ 1^ ^ -m m \ ^ m m m m M ^ , i7b 
m-^\^^^nm^%^n^'^m:^^-i^mo ft< ^ m ^ m . 
n 1. )^ ^ m ^\ n m ^ :^ m n m m iifa ^ m m m m i?a. 
i7b^ i^mmnmu^iE, ^mmmiE±'^^Mni^^^ 
M it o ± Ki, m ^ ml ^ m m iM m m m n m 25pn %) m :^ ^ 

1^ 48. S - ^ iE IS 49, ^ Rl £t m :^ ^ lE ± 3fe 

m m mm ^ , ^Amm^^mmmmnmm:^nmMFfi 
m m $ii m ^ m & it o 

W «P ffij 1 6 

m 2Qm m m m {k ^ ^ ^ ^ m m ?n n :^ w 
m m j: m Mm , n ^ , m ^ 51^ m ^ ^ ^ m , n ^ ^ 
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JL ^ ^m^m (2 9) 

mm mi m sfa m m m lo^ :^ ^ - :b m r . ^mnn^ 
^mmm I m a m - m m m m m m 50. ± ^ 

skmn^^inmnm^o m m m s 

^ :^ ^ ^ f& SI. fsL^mx±^mm^M:^^^m?siii^. 
m m Wi m m m m ^ ^ so^ ^ m m ^ ^ m SI , ±m it 
s 19 j^i ?i ^ . m m ^ X ^ Mm R ^ m m m 3m . ^ n i^i m m 
^ @.s^ ji m [*( a m gg ® ^ 13. i7a. nhn^^mm 

So mmjt\^:2.-±mmummm^mm'm^2s. m ^ m m 
m m m m m m . m m u m wi m m . m m m . %q m m m 
^m:^^mmn^^mmmmm, m ^ m m m . mm, 

± 3^ H M *D X ^ S A « S- a 1^ Bif 5: ??} Sfe o 
W ffP ffll 17 

M j: m m mm . n ^ . ^ 52^ m m m m wi ^ , ^ 

^rd^. -^m^mmmnrn'^^mmii. ^ m m m ^ 

^m^^yt^m^i^m, m ± ^ j: ^ ^ m r^^ m ^ m o itb^i^ 
w m m m m r^. JL ^ m m :^ ^ m , nia ^ m m r m a m m 
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(30) 
























1 R 
































28 P 






li 


















m m m m :z m 












s 












Wl 




53fe 


^ 5^ 3^ 


m m m m :t m 










± 




to 


m 








m 






SQ ^ 


± m ^ :t 


















53 . 


sj 




m m 


m \ -\^^ It fS: - ^ 


T . 




^ Si 


m 




S 










1? 


1 


m m 


m , % 


m Bi m m % m 


6 ± 




;^ 




m m 


IS 








SI 






m s§ 


25{8fc m 


m m m o ± 


:2: ^ 






53 




m 
















^ ;^ M 


m ^ ^ m m IS 


^ |g 


S 


m 


m 










Ilk 






Jb 






^ Sif 5fc 


M :t m m 




• 










n 












IE n 


^ 5^ ^ 


± ji Nc^ a 


lo;^ 










53^ 












± 


i£ ^ 


Slf M IS 


m 12;^ ft is ^ 








ill 


45? 






fin 












M ;^ 




^0 ^ # . m 


m - 










m 


m 










ft 






m 13. 


17a. 1 7 b > SFD 


1 4± 










m 


m 








°i 


m 




ftF ^ 


il ® 


M ;2i ^ ^ fa 






m 






ft 


m 


5 5 fa 










56 . 


tfc Kg ^ 


^ m ± i$ ;^ 








nfD 












5: 








S§ c 
























X 






± 




m m , 


3fe ?P W PB f J :^ 


M , 


k 




Si 














n 


14 




^ ia 


^ m 


M 5: ^ if ifo 


m ^ 


m 








&^ 




a 




































± 








m a: 


. « m 


M ^ ;^ H iJO 


T ' 




































X 


# 


± 




m 






m 








tff ^ 


S IS n 


*f il ^ n . ^ 




3t 


























. m 


S S$ Ji i£ S 
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iL - ^m-^m (31) 

§ n ^,fl?j n m m m m , mmm:ZdftMm^s:m^^mmm 
:^ m m , mm, m ^ m m m %a m m m m , ^ w s ± ^ m ^ 
m ± ^ :^ m m 7J m . ^i^^=Fmm^:tm^o ifna. mm 
±^mBifki^:t^m]m. mm. n m m . n ^ m m m 
^ m m m ^ ^ Uk . ^^m^wmyt^^mf^, m m ^ 
w^^o ifnja. ^ n n m wi m , ^ Kk ^ m ^ m . m 
m m ^ ^ :^ ^ m . n m m m m ^ m t^k m n , sik r i>A m 
m :k m m o ^ , i:)&:^^mm^m., ^ m m. 
1^ 'Si^ ^ m m ^ m m a m , mmh^ms.:^m:^m 

J!*il o 

«ffe2S«6^7fc^, n %k ^ m m :^ n ^ , JUS.±ji;^ 

Tfe ^ ^ d& ^ Tfe ipjj SI £Ji M s!i , mm, Wi. m m m ^ m. , 
K(?5s^£^iii$jggi§§;;^(^gij, ^1 m m 6^ m m ^ 1^ R ^ 



m 
«p 


ifn , ± :R =t :^ 




& 




^ H 9^ 7^ m IS 


:^ "f" 4> ?l 


t 




± 






^ tit H l-i it |g ^ 


ffi 5: « - 


lit 


^ m ^ m m m . ± 




m 




M m m m ^ ^ Mi 


Tfc m ;^ iSf 


a. 

m 

t 










n m ^ m ^ :^ n 














. ® Bo , ± ii 


^ :^ ye M 


ep 






5^ 




:t ^ m m m m . 


S m :f a 
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i - fitm-^^n (32) 

SB . JBl S fig SI ® S :i R ^ o | 

MK. B iix ± :^ m ti . ^mwmmm^\^m^:^^ 5 

5 

MR. ±mMmi$iW^im'3^. m m m 9t m :^ m ^ ^\ 

mm, R wt m ^ K\ <^ m ± m m :^ m m ^ ^ m Hi ^ !^ 
mm. m ^ m w m n , ^nm^:^f&^mR^. m m 

t m Wi m ^ ^ m ^ m m ^ m m :^ m m m u m m . ' 

% m , m ^ m ^ m ^ <t 9t M , mm, mnm^m^^tfyn 
a- 

m it ^ M , ■^sKkm^mm^\m±m::^^^m^i^. m m 
1 

t \ ± fe'j la ^ ;^ ^ @ o 

^-fltit/OtiiW+SiaTSESif (CNS) T4«Ufr(2IO X 297 «!S-) . . . , 
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-^m^m (33) 

:t ^ M . usLMsm±^:^wm^mm^. pa m mm mm 

m R , •^m^mm^^^n±, ifi^ m ^ m m m m wi m 
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